Summary. Mice depleted of T lymphocytes by thymectomy, whole-body irradiation and bone-marrow reconstitution showed a marked increase in susceptibility to the development of lung colonies after i.v. injection of cells of an immunogenic fibrosarcoma. However, a similar increase was observed in unthymectomized, irradiated and reconstituted mice that had recovered their T-cell function, as evidenced by rejection of allogeneic skin grafts. In both thymectomized and unthymectomized mice subjected to whole-body irradiation, the lung-colony-forming efficiency was high 1 day after irradiation, declined to a minimum at 7 days, and thereafter increased again, unless the animals were held in a pathogen-free environment. Reconstitution of T-cell-depleted mice with thymocytes and/or a thymic lobe graft tended to increase further, rather than reduce, lung-colony-forming efficiency. Induction of profound lymphopenia, by irradiation of the whole body except the thorax, did not significantly increase lung colony yields. These studies show that the lung colony assay is not a reliable method of assessing T-cell function in irradiated mice. THE luin1g colony assay, introduced by Hill and Bush (1969) , is an economical and popular method of in vivo assay of tumour-cell clonogenicity. The assay is performed by injecting cells from disaggregated tumours i.v. into assay animals. After an appropriate interval (usually 2-3 weeks) the animals are killed, aind the number of macroscopic tumour nodules on the surface of the lungs is counted. Within certain limits, the niumber of colonies is proportional to the number of reproductively viable (clonogenic) cells in the inoculum. The characteristically low efficiency of the assay (number of lung colonies formed for a given number of injected cells) is increased, inter alia, by irradiation of the lungs prior to injection of tumour cells (Dao and Yogo, 1967; Withers and Milas, 1973; -Brown, 1973; van den Brenk et al., 1973; rIihompsonl, 1974). 'I'he mnechaniism by which lung-colony-forming efficiency (CFE) is increased by irradiation is unknown, but the effect is found whatever the tumour-cell immunogenicity. Using a demonstrably immunogenic murine fibrosarcoma, we found, not unexpectedly, that lung CFE was enhanced more by equivalent doses of whole-body irradiation (WBI) than local thoracic irradiation (LTI).
THE luin1g colony assay, introduced by Hill and Bush (1969) , is an economical and popular method of in vivo assay of tumour-cell clonogenicity. The assay is performed by injecting cells from disaggregated tumours i.v. into assay animals. After an appropriate interval (usually 2-3 weeks) the animals are killed, aind the number of macroscopic tumour nodules on the surface of the lungs is counted. Within certain limits, the niumber of colonies is proportional to the number of reproductively viable (clonogenic) cells in the inoculum. The characteristically low efficiency of the assay (number of lung colonies formed for a given number of injected cells) is increased, inter alia, by irradiation of the lungs prior to injection of tumour cells (Dao and Yogo, 1967; Withers and Milas, 1973; -Brown, 1973; van den Brenk et al., 1973; rIihompsonl, 1974) . 'I'he mnechaniism by which lung-colony-forming efficiency (CFE) is increased by irradiation is unknown, but the effect is found whatever the tumour-cell immunogenicity. Using a demonstrably immunogenic murine fibrosarcoma, we found, not unexpectedly, that lung CFE was enhanced more by equivalent doses of whole-body irradiation (WBI) than local thoracic irradiation (LTI).
However, our initial presumption that this increase was simply due to abrogation of the specific T-cell-dependent antitumour immune response elicited by this tumour (Milas et Tumour.-The tumour used in these experiments is a methylcholanthrene-induced fibrosarcoma (FSa) which is immunogenic in its syngeneic hosts (Suit and Kastelan, 1970) . Source material for the experiments described in this paper was derived from injection of fourth-generation isotransplants. The method used for preparing single-cell suspensions from this tumour has been described previously (Milas et at., 1974) .
Irradiations.-A Phillips X-ray therapy machine was used at 250 kVp, and 15 mA with 0 5 mm Cu added filtration. The HVL of the beam was 1-3 mm Cu and the dose rate, 91 rad/min at 50 cm. For irradiations involving shielding, mice were anaesthetized with Nembutal 60 mg/kg and specially fabricated shields of 3-mm-thick lead were placed to expose only the required body segments. In one experiment, mice received WBI with a caesium y-ray source to a dose of 1000 rad, which is biologically equivalent to 900 rad 250 kVp X-rays. WBI mice were protected from bone-marrow death by reconstitution with syngeneic bone marrow either immediately after exposure or, in one experiment, 4 days later.
Production of chronically T-cell-depleted mice.-Mice were thymectomized at 6 weeks of age and 1 week later were given 900 rad WBI, followed immediately by an i.v. injection of 4 x 106 syngeneic bone-marrow cells. Such mice are designated TIR (thymectomized, irradiated, reconstituted). Agematched controls received the same treatment except that thymectomy was omitted and are designated IR. These mice were used in experiments 2-3 months after preparation.
Lung colony assay.-Single-cell suspensions of FSa in Hsu's medium were prepared. The required number of viable tumour cells was injected i.v. in a volume of0-25 ml. For scoring of lung CFE, mice were killed 14 days after tumour-cell injection, and their lungs were removed and fixed in Bouin's solution and the macroscopic surface colonies were counted.
RESULTS

Effects of regional irradiation on lung CFE
Whole body irradiation (WBI) with 900 rad 250 kVp X-rays given 1 day before tumour-cell injection increases the efficiency of the lung colony assay in our system about 11-fold. A corresponding dose delivered to the thorax only (LTI) increases the lung CFE 3-to 4-fold. Table  I shows that no specific body region is critically responsible for this disparity, but rather that the yield of colonies increases progressively with the volume irradiated provided the thorax is included. Interestingly, we found that, if the thorax was shielded while the remainder of the body was given 900 rad, the yield of lung colonies was not significantly increased over controls, in spite of profound lymphopenia produced by the radiation exposure: (the total circulating mononuclear leucocyte count in irradiated mice at the time of tumour-cell injection was <200/ Fig. 2 show that the secondary increase in lung CFE did not occur in mice kept in the pathogen-free environment.
DISCUSSION
These experiments show that certain pitfalls exist in the interpretation of the lung colony assay in whole-body-irradiated animals. The technique of TIR (Miller, Doak and Cross, 1963) has become a standard method of producing longlasting T-cell depletion. However, it is wrong to assume that an increased yield of lung colonies in TIR mice is directly ascribable to T-cell depletion. We have found that unthymectomized mice subjected to IR 2-3 months before tumourcell injection have almost the same lung CFE as TIR mice, in spite of the recovery of T-cell function in IR mice, as assessed by allogeneic skin graft rejection. Also, we found that engraftment of normal thymic tissue into TIR mice resulted in a further increase in the yield of lung colonies. A similar enhancement of lung CFE was noted when reconstitution with 108 thymocytes was performed immediately after WBI, suggesting, perhaps, that restoration of a weak immune response to the tumour was beneficial to tumour growth (Prehn, 1972 All investigators who have studied the effects of LTI on lung CFE in mice have found that the effect decays rapidly after irradiation and, in most cases, no enhancement of lung CFE was reported later than 1-4 weeks after irradiation. In one instance, however, a delayed effect was seen 3 1/2 months after 2000 rad to one hemithorax (Thompson, 1974 ). In contrast to this usually rapid recovery following LTI, we have found that after the same dose of WBI, an initial fall in lung CFE is followed by a secondary rise 7-21 days after exposure, when animals were housed in an open environment. The secondary increase was not seen, however, when mice were kept in a pathogen-free environment. This finding suggests that infection may play a role in the genesis of the secondary increase we noted, and adds another complicating factor in the use of the lung colony assay in WBI animals.
Finally, it is of interest that the induction of profound lymphopenia by irradiation of the whole body except thorax did not significantly increase lung CFE, even though the tumour we used exerts strong immunogenicity. This is consistent with the view that the development of a specific antitumour immune response has little influence on the yield of lung colonies after i.v. injection of tumour cells, because the fate of the great majority of injected tumour cells is determined within 24 h of injection, long before a specific immune response could be mounted. For example, studies with 125IUdR-labelled FSa cells (to be reported elsewhere) show that following injection of 104 tumour cells into intact animals, only 0.5% (50 cells) remain in the lungs 24 h later.
